Nowadays, selecting the most appropriate location for hub is one of the most significant issues not only in road, rail and air transportations, but also in maritime. Transshipment is the fastest growing segment of the marine container market; it increases traffic flow of marine container and scope of this type of marine carriage, accordingly. In this way, determining a movement loop for the voyages of a shipping company, probes identification of container hub ports by considering different operational factors including distance to the destinations. The focus of this paper is to locate the best location for container transshipment hub in southern seas of Iran. In this paper, an MCDM model is proposed for evaluating and selecting the marine container transshipment hub port. Finally, the utilization of the proposed model is demonstrated with a real case study of Iranian main ports. The results show that the MCDM model can be used to explain the evaluation and decision-making procedures of a proper marine container hub location selection.
Introduction
The hub location problem (HLP) is one of the most attractive research areas in location theory that has been focus of large number of articles during the past few decades. HLP tries to satisfy the demand of nodes and optimize the objective function such as total costs, using a Hub and spoke network, by considering several nodes as HUB and the remaining non-hubs as spokes. According to IMO publications (IMO, 2014) , more than 90% of world trade is carried out via the marine transportation. One of the main parts of goods transported via sea, is container carriage, which has been steadily growing except a small decrease around 2009, which was due to the economic crisis. It has been estimated that the container trade volume in 2017 to be more than 180 million twenty-foot equivalent units (TEUs), which has been depicted in Fig.1 (UNCTAD, 2015) . Container shipping comprises shipping lines that transport containers based on long-term contracts from the spot markets (Du et al., 2011; Qi et.al, 2012) . Large industrial customers have tens or even hundreds of containers to be transported weekly via container shipping. They usually sign a long-term contract; e.g., one-year or two-year, with transportation companies, which enable them, enjoy a very competitive freight rate. Fig. 1 shows a network for a service system with 15 nodes and three HUBs including A, K, F nodes. As can be seen, by selecting some of the nodes and hubs one can reduce the number of edges in the graph. Therefore, with using a hub network, we can satisfy demand more effectively by using fewer resources, than the fully connected graph.
Fig. 1. Past and forecast global container volumes

Fig. 2. A Hub and spoke network with 15 nodes and three HUBs
In the past, some researchers used strength, weakness, opportunity and threats (SWOT) analysis or mathematical programming method to analyze the transshipment competition relationship among different ports. However, few of them applied the multiple criteria decision-making (MCDM) method for selecting hub nodes.
In this study, we propose an MCDM model for evaluating and selecting the most appropriate ports as a HUB. The next section reviews the literature in Marine Hub and Spoke transportation area. In section 3, we provide a brief description of Analytic Hierarchy Process (AHP) method and finally to verify the application of MCDM, we presented a case study of locating a hub in southern Iran waters, among six major ports, including Bandar 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
Literature review
Since the early days of marine containerization, there have been changes from direct call or multiport itineraries to hub and spoke service. Hub and spoke networks are widely used in the international shipping lines. One reason for increased interest in hub and spoke transshipment networks is associated with the trend towards deployment of bigger ships. Post-Panamax ships of 5000-7500 TEU and above now dominate the major international trades. Many influential factors have been studied for the selection of transshipment container ports in the literature. Hayuth and Fleming (1994) proposed the most common characteristics of a transshipment port including (a) location, (b) operation, (c) infrastructure and (d) Electronics Data Interchange (EDI). However, not every port that meets these criteria will receive transshipment port status. Hence, the issue of transshipment port selection is complex and cannot always be fully explained in terms of rational elements. Slack (1985) used the following 11 criteria for port selection: (a) port security, (b) size of port, (c) inland freight rates, (d) port charges, (e) quality of customs handling, (f) free time, (g) congestion, (h) port equipment (i) number of sailings, (j) proximity of port, and (k) possibility of inter-modal links.
James and Gail (1998) justified the widespread belief that frequency of shipping service is a main reason for choice of seaport in cargo movement. Time on the route and labor problems at ports is major concerns of freight forwarders. The abovementioned factors also could be included in the criteria for the selection of transshipment ports. Thomson (1998) found that the key successful factors of the transshipment port including: (a) the length of berthing time at port, (b) the loading/discharge rate, (c) the available number of berths, (d) the quantity of containerized cargo, (e) the port facility, (f) the links of port to major consumers market, (g) the working hours of ports. Sternberg (2000) stated that the Gioia Tauro port's key successful factors to make her as the Mediterranean container transshipment port are as follows: (a) superior geographical location, (b) the knowledge of market of marine container operators, (c) the flexible operation process, (d) continuous investment in the infrastructure and facility, (e) the operation of related business. Ernst (2001) found that to achieve large-scale transshipment requires: (a) increase in service frequency, (b) buildup of shipping and inter-modal alliance, and (c) sharing of space on each other's ships, inland depots, feeders, container terminals, and container inventories. Kuo and Chu (2000) constructed a decision-making model for the selection of calling container port using the mathematical programming method. Chou et al. (2003) discussed some important factors that influent the selection of container port and develop a transportation demand split model for international ports by the mathematical programming. Chou et al. (2003a Chou et al. ( , 2003b ) discussed some important factors that influent on the selection of container port and compare the Stackelberg port choice model and Equilibrium port choice model. They find out factors that influent Asia-America oceangoing carriers' selection of container port are different from factors that influent Intra-Asia coasting carriers' selection of container port. Malchow and Kanafani (2004) used an alternative form of the discrete choice model to analyze the distribution of maritime shipments among US ports. They modeled the distribution as a function of the characteristics that describe each shipment and each port. Finally, they found that the most significant characteristics of a port is its location.
Baird (2006) applied a specific research methodology designed to evaluate and compare competing seaport locations within a given region as the optimal site for international container transshipment activity. The focus was on container transshipment hub locations in northern Europe. Transport distance and associated shipping costs were calculated for existing hub locations and these were then compared with a new proposed transshipment location in the region, in the instance the vast natural deep-water harbor at Scapa Flow in the Orkney Islands. Dahlberg and May (1985) utilized the simplex method to determine the optimal location of energy facilities. Tompkins et al (1984) introduced a method that used the preference theory to assign weights to subjective factors by making all possible pairwise comparisons between factors. Spohrer and Kmak (1984) proposed a weight factor analysis method to integrate the quantitative data and qualitative rating to choose a plant location from numerous alternatives. Stevenson (1993) proposed a cost-volume analysis method to select the best plant location. MCDM methods are very strong to deal with the problem of ranking and selecting locations under multiple criteria (Hwang, & Yoon, 1981; Rietveld & Ouwersloot, 1992) . Theree are many recent research papers using different method within MCDM area (Gharakhani et al., 2011; Athawale & Chakraborty, 2011; Soltanmohammad et al., 2013) .
In this article, we assume that criteria are independent and there are not any interactions among them. Then we summarize the criteria that are in a literature review to create a hierarchical structure (Fig. 3) .
We utilizing a hybrid methodology through combining AHP and TOPSIS, to evaluate and ranking of the ports located in southern Iran.
Methodology
Analytical hierarchy process
AHP is one of the most famous multi-criteria decision-making techniques developed by Saaty (1980) . This method was developed in the 1670s and can be used when the decision-making is faced to several Rival options and decision criteria. Criteria that can be raised in AHP are qualitative and quantitative criteria (Saaty, 1988) . In AHP, hierarchy decision Tree shows criteria for comparison and alternatives for evaluating. This method begins by providing a decision tree via decision makers and then paired comparisons are made. These comparisons determine weight of each criterion to evaluating the alternatives. In final, the logic of this method is combining the pairwise comparison matrices to obtained optimum decision. AHP contains five steps as follow:
i. Draw a hierarchical tree ii.
Pairwise comparisons iii.
Compatibility rate iv. Weighting v.
Choose the best alternative
Step 1: Draw a hierarchical tree: In general, understanding a problem is difficult for human and may be different and some people may not consider important aspects of the problem. Therefore, decomposition of a generalized problem to several minor problems helps to effectiveness understand of problem. By doing this, relationships and concepts of decision problem and the relevance of each element with other elements, accurately understand. Hierarchical tree has several levels as follow:
i. First level: Goal ii.
Second level: The main criteria iii.
End level: Alternatives
Step 2: Pairwise comparisons: To do this, we must have a scale to measure data and conversion qualitative data to quantitative data. Error! Reference source not found. shows the Practical scale for pairwise comparison. After the formation of the pairwise comparison matrix of criteria, their relative weights are calculated. First, the sum of each column of paired comparisons matrix is calculated. The amount of each element is divided by sum of the itself column to matrix be normalized (Eq. (1)). Then average values of each rows of normalized matrix gives the weight vector parameters form (Eq. (2)).
(1) and Eq. (2), m and n are the number of alternatives (rows) and number of criteria (column), respectively. Also, and are elements of pairwise comparison matrix and elements of normalized pairwise comparison matrix, respectively. represents the weight of criterion .
Step 3: calculate compatibility rate: compatibility rate is a mechanism that determines the compatibility of comparisons. This mechanism shows how much we trust to priorities obtained from members or combined table. Experience has shown that if the compatibility rate, is less than 0.1, compatibility comparisons can be accepted, otherwise, comparisons must be executed one more time. If the number of respondents is more than one, compatibility rate of comparison matrices will be calculate based on geometric mean of answers.
Calculating the compatibility rate will take place in six stages. These stages are including: (1) Total weight vector (2) Consistency vector (3) The mean of Consistency vector ( ) (4) The consistency index (CT) (5) Random index (RI) and (6) Inconsistency ratio (CR). Each of these amounts is calculated by Eq. (3), Eq.(4) and Eq.(5). Step 4: Weighting: At this step, we determine the final score of each alternative. Although, there are few different methods for calculating the weight of criteria, but the most popular ones include: (1) the least squares method (2) The least squares logarithmic method (3) special vector method (4) estimated approximate methods. Note that the approximate methods include total row, total column, arithmetic mean, geometric mean. Eq.(6) identifies priority by taking weight in all levels of decision trees.
, and is final weight of alternative , weight of criteria and score of alternative from the perspective of criteria , respectively.
Step 5: Choose the best alternative: Finally, based on the final weight obtained from the previous step we rank alternatives in non-increasing order. Obviously, we can select the first alternative as the best one. Chen and Hwang (1992) proposed the TOPSIS method with reference to Hwang and Yoon (1981) . The basic principle is that the chosen alternative should have the shortest distance from the positive-ideal solution that maximizes the benefit and also minimizes the total cost, and the farthest distance from the negative-ideal solution that minimizes the benefit and also maximizes the total cost (Opricovic & Tzeng, 2004) .
TOPSIS
The TOPSIS method consists of the following steps:
Step 1: Calculate the normalized decision matrix. The normalized value is calculated as:
Step 2: Calculate the weighted normalized decision matrix. The weighted normalized value is calculated as:
∀ .
(8) where is the weight of the jth criterion, and ∑ 1.
Step 3: Determine the positive-ideal and negative-ideal solution.
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where is associated with benefit criteria and is associated with cost criteria.
Step 4: Calculate the distance measures, using the m dimensional Euclidean distance. The distance of each alternative from the positive-ideal solution is given as:
(11) ∀ Similarity, the distance from the negative-ideal solution is given as:
Step 5: Calculate the relative closeness to the positive-ideal solution. The relative closeness of the alternative with respect to * is defined as: * ∀ (13)
Step 6: Rank the preference order.
The index values of * lie between 0 and 1. The larger index value means the closer to positive-ideal solution for alternatives.
Case study
In this section, we investigate the MCDM model using a real world case study. In order to have a clear understanding over the candidate hub ports, we provide a brief statistics of main Iranian ports in Table 3 . The criteria that used to select the most suitable port as a hub port and the hierarchical structure is shown in Fig. 3 . To obtain pairwise comparisons between the criteria and the alternatives, a questionnaire designed and filled by five experts of Iran's maritime transportation table 4 and table 5 , show the pairwise comparisons of the first decision maker for the main criteria and port efficiency, respectively. We use specialized software of AHP method called Expert Choice version 11 to perform calculations. Due to the geographical position of Iran and its relationship with the open sea through the southern ports, most commercial marine transportation of the country is through these ports. The aim of this study is to determine one of these candidate ports as main hub So that all International Iran's commercial shipping through this HUB port and all other remaining ports connected to the main HUB. Table 6 shows the pairwise comparison of the first expert for ports with respect to container volume export / import criteria. We take the geometric average from pairwise comparisons of five experts by the Eq. (7). We then used the Obtained comparison matrix as pairwise comparison matrix for using in the AHP method. ) 7 ( ∑ Table 7 shows respective weights of each criteria. According to this table, the most important criterion for selection port in this study is port location. Fig. 4 shows the score of each port according to the main criteria. We then used the weights of criterion obtained from AHP technique as the inputs for TOPSIS method. For instance, Table 8 shows the decision matrix which filled by first expert which; Because of the lack of space, we transposed it. Then, by multiplying the weights vector into normalized matrix, we obtained the weighted matrix. In TOPSIS method, there are two types of criteria including positive (+) and negative (-) dimension. Bearing in mind our proposed criteria in Fig. 3 , the nature of all of the presented factors are the greater the better i.e. positive. Therefore according to the definition, the positive-ideal and negative-ideal solution have been calculated in Table  9 . Firstly, by using Eq. (11), Eq. (12) distance of the positive-ideal and negative-ideal solutions calculated and then value of * is calculated for each of the candidate ports. The final calculations is presented in Table 10 in details. The First and the second columns of Table 10 represent the distance from the positive-ideal and negative-ideal solutions and the fourth column shows the amount of * and the fifth column shows the final ranking.
Table 60
The distance from the positive-ideal and negative-ideal solutions and final ranking 
Conlusion
In this study, we have developed a hybrid MCDM method for selecting container hub. The accuracy and applicability of the proposed method has been verified by a case study for an iranian port. The results have shown that the proposed method could be used to make decisions about the choice of the best container hub for shipping companies. By using the results of this research, managers of shipping lines will be able to identify the Iranian conatiner hub port and then make more precise decisions in determinining the most cost effective voyage loop for their liners.
Based on the results, we can rank the most designated Iranian container hub ports as: (1) IRBND (2) IRASA (3) IRBIK (4) IRKHO (5) IRZBR (6) IRBUZ. Meanwhile, among the main criteria, port location criteria have higher rank.
By using the results of this research the decision makers in each port can attract shipping companies to choose a port as a container hub with effective actions in mentioned factors such as lowering the cost of loading and discharge, increasing the use of EDI, and development of equipmenets and services in the ports.
